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修复受损的 VECs 可以减缓初期 AS 进一步发展，保护 VECs 的药物也助于预防






目的：检测 ephrinB2 蛋白对 fas 通路诱导的内皮细胞凋亡的影响，探讨
ephrinB2 蛋白抑制内皮细胞凋亡的可能机制。 
方法：将原代分离、培养的 HUVEC 细胞以 rhfasl=7.5ng/ml,ephrinB2=0-2
μg 不等的剂量，据此将实验分为三组：control 组， rhfas1 诱导组，ephrinB2
保护组（此组做 ephrin=0,10,100ng 及 1,2 μg /ml 五个浓度），每组设 6 个复孔，
对此三组行 MTT 或 CCK8 比较各处理组间细胞存活率的差异。其次对 control
组， rhfas1 诱导组，ephrinB2 保护组（上述检测 佳浓度点及时间点下）行流
式凋亡实验检测，比较其凋亡率差异。再者，Western Blot 比较其在不同方式处
理 16h 后的 P-akt 和 Fas 通路上 caspase-3 的表达量改变情况。机制探讨上，检测
HUVEC 细胞另一保护性通路蛋白 P-erk 表达情况。MEK 阻断剂 U1026 阻断之与
akt 阻断剂 akti1/2 对 HUVEC 细胞存活率的差异。 
结果：7.5ng rhfasl 诱导 HUVEC 凋亡，细胞存活率明显低于对照组，细胞
凋亡蛋白 caspase-3 表达量明显高于对照组（P<0.05 或 0.01，0.001），P-akt 蛋白
表达量明显低于对照组（P<0.05 或 0.01），ephrinB2 干预后，和 rhfasl 组相比，

















白表达量明显低于对照组（P<0.05 或 0.01）。这表明，ephrinB2 是具有促进 Akt
蛋白磷酸化的作用的。再者，Western Blot 检测内皮细胞是有 P-erk 表达的，靶
向阻断 MEK 通路和 akt 通路，与 DMSO 组比较，MEK 阻断剂 U1026 组无统计
学差异（P>0.05），akt 阻断剂 akti1/2 有统计学差异(P<0.05)，该结果表明，ephrinB2
保护内皮细胞免受凋亡的机制是通过P13K-akt通路而不是MEK/erk通路实现的。 
结论：ephrinB2 蛋白可通过下调 caspase-3 蛋白表达而对抗 fasl 诱导的
HUVEC 凋亡这种抗凋亡机制是通过 P-akt 保护实现的。 


















Background: in recent years, with the study of molecular cardiology in depth, 
research increasingly suggests that the vascular endothelial cell (VEC) apoptosis and 
AS in the occurrence, development process, Fas protein and Fas ligand of Fas system, 
the combination of the two leading to target cell destruction. A number of studies 
have shown that, AS endothelial cell apoptosis through Fas pathway induced in many 
cases. Such as endothelial cells lipid free radical induced peroxidation, same-sex 
cysteine by he pathological factors of metabolic blocked, causing 
hyperhomocysteinemia, ionizing radiation. More recent studies show that, ephrinB2 
plays a role in angiogenesis regulator role in postnatal and adult, therefore a strategy 
for therapeutic angiogenesis, treatment of coronary atherosclerosis, will undoubtedly 
have a choice. However, the angiogenic effect of ephrinB2 on the limited to research 
in vivo and in vitro migration, its affected by what mechanism of angiogenesis is 
seldom reported. 
Objective: to determine the influence of ephrin-B2 protein on Fas pathway on 
the apoptosis of endothelial cells, and explore the possible mechanism of ephrinB2 
protein inhibits apoptosis of endothelial cells. 
     Methods: Original generation of isolated, cultured HUVEC cells rhfasl = 
7.5ng/ml, ephrinB2 = 0-2μg dose ranging, whereby the experiment was divided into 
three groups: control group, rhfas1 induction group, ephrinB2 protection group (this 
group do ephrin = 0,10,100 ng and 1,2 μg / ml concentration of five), each set six 
wells, for which cell survival difference between the treatment groups of three lines 
MTT or CCK8. Secondly, the control group, rhfas1 induction group, ephrinB2 
protection grosup (optimal concentration point and the detection time under) line flow 
apoptosis assay to compare the apoptosis rate differences. Furthermore, Western Blot 
compare their treatment in caspase-3 expression in different ways to change the 
situation on the amount of P-akt after 16h and Fas pathway. Mechanism on HUVEC 
cells were detected another protective protein P-erk pathway expression. / 2 difference 
between akt blockers akti1 on HUVEC cell viability of the MEK inhibitor U1026 
blocked. 
     Results: 7.5ng rhfasl HUVEC induced apoptosis, cell survival was significantly 
lower than the control group, caspase-3 protein expression of apoptosis was 

















significantly lower than in the control group (P <0.05 or 0.01), after ephrinB2 
intervention, and rhfasl group compared to cell survival was significantly increased, 
whereas the expression of caspase-3 was significantly lower (P <0.05 or 0.01), P-akt 
protein expression was significantly lower than the control group (P <0.05 or 0.01). 
This suggests that, ephrinB2 is with the promotion of Akt phosphorylation role. 
Furthermore, Western Blot detection of endothelial cells is the expression of P-erk 
targeting MEK pathway and blocking akt pathway, compared with DMSO group, 
MEK inhibitor U1026 was no statistically significant difference (P> 0.05), akt 
blocking agent akti1 / 2 statistically significant (P <0.05), the results showed that, 
ephrinB2 protect endothelial cells from apoptosis mechanism is P13K-akt pathway 
rather than MEK / erk pathway. 
Conclusion: The ephrinB2 protein can downregulate the expression of 
Caspase3 protein and Huvec against the apoptosis induced by FasL in the anti 
apoptotic mechanism is realized through P-akt protection. 
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第一章  前言 
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亡，而内皮细胞凋亡的发生很可能是 AS 病变发生发展的初始因素， ephrinB2
作为一种调节血管生成作用的因子，其促血管生成的作用不甚明了，本文从抗













































孵时有凋亡现象产生，而产生这种凋亡的原因大概是 Ang2 增加了 gp91phox
（glycoprotein gp91-phox）的表达，从而促发了增加合成过氧化亚硝酸盐的能
力，对氧化应激也会产生效应， 后促发了内皮细胞的凋亡。增多的Ox-LDL
能加大 VEC 对 Fas 调节的凋亡通路的能力，促使其发生凋亡，不仅如此，它
还能抑制它的迁移。在 VEC 中与 Ox-LDL 相互作用的过程当中，一些 fas 通
路上的凋亡蛋白 caspase-2,3,6,8 被激活，保护性因子 Bcl-2 的表达也表现出了
明显的降低现象。Ox-LDL还能促使钙离子通透细胞膜的能力，促使钙离子超
载，导致VEC损伤。而ROS及其他细胞炎症因子对内皮细胞有直接的损伤效
应，造成其凋亡。因而，抗拮 Ang2 对内皮细胞的效应，减少 Ox-LDL 的浓度
及弱化氧化应激效应，能够降低 VEC 的凋亡，亦可以减少 AS 的发生率。 
在 VEC 凋亡增加的同时，VEC 也在慢慢发生着更新，内皮细胞的功能
也在发生障碍。VEC 能够释放一氧化氮（NO），NO 能够对抗 AS 的发生， 
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